The number and size of proteins.associated with hepatitis delta virus (HDV) from serum and liver (human, chimpanzee and woodchuck) in the acute and chronic stages of HDV infection were analysed by immunoblotting. HDV particles in serum were separated from serum proteins by gel filtration and peak fractions of HDV antigens were subjected to PAGE. Immunoblotting with human anti-HDV-positive sera and 125i_labelled Protein A revealed two bands of 27K and 29K. It was not possible to identify any core-like structure from liver homogenates by CsC1 gradient centrifugation. HDV proteins from such gradients were degraded to a size of 14K as determined by immunoblotting. HDV RNA was found in fractions at a density of 1-5 g/ml. However, direct homogenization of liver tissue in gel electrophoresis sample buffer, followed by PAGE and immunoblotting resulted in identification of HDV-associated proteins of 27K and 29K, indicating that HDV proteins in liver tissue are the same size as those in serum, but that they degrade rapidly. There was no difference in size of HDV proteins in liver samples from humans, chimpanzees or woodchucks.
The hepatitis delta virus (HDV) is a defective particle which needs hepatitis B virus (HBV) to replicate in man and chimpanzee (Rizzetto et al., 1980a,b) . Recent studies have shown that the woodchuck hepatitis virus (WHV) can also serve as a helper virus for HDV replication (Ponzetto et al., 1984) . The genome of HDV, a circular RNA of 1.75 kb, has recently been cloned and sequenced Kos et al., 1986; Wang et al., 1986) . Viral proteins of HDV can be detected in the serum in the acute phase of HDV infection in humans, chimpanzees or woodchucks. Two HDV particle-associated proteins of 27/29K (Bonino et al., 1986) and 24/27K (Bergmann & Gerin, 1986) respectively have been identified in the serum by immunoblotting. In this paper we demonstrate that the HDV-associated proteins extracted from HDV-infected liver tissue of humans, chimpanzees and woodchucks have the same size as serum-derived proteins. However, these HDV-associated proteins degrade rapidly in the liver.
In order to compare proteins associated with HDV particles in serum and proteins present in HDV-infected hepatocytes we partially purified HDV particles from serum by column chromatography and HDV particles from hepatocytes by CsC1 gradient centrifugation, or prepared homogenates of liver tissue in gel electrophoresis sample buffer. HDV-associated proteins were identified by immunoblotting. Serum and liver positive for HDV were obtained from a chimpanzee which was a chronic carrier of HBV and was experimentally infected with HDV. The chimpanzee was sacrificed at the acute phase of HDV infection when high expression of HDV antigen (HDAg) in the liver and serum was observed. Human liver positive for HDAg was obtained from a patient with chronic HDV infection as shown by immune histology. Liver tissue from a woodchuck with acute HDV infection and a corresponding negative control were obtained from Dr A. Ponzetto. To characterize the HDV-associated protein in serum, 2 ml of the clarified acute phase serum of the chimpanzee was loaded onto a column of 6~o agarose beads (Bio-Gel A-5m 200 to 400 mesh, Bio-Rad). Each fraction was tested for HDAg by ELISA as described previously (Roggendorf et al., 1986) , for HBV surface antigen (HBsAg) by radioimmunoassay (Abbott Laboratories, North Chicago, Ill., U.S.A.) and for HDV RNA.
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Fractions positive for HDAg were precipitated with acetone, redissolved in electrophoresis sample buffer (30mM-Tris-HC1 pH 7.0, 20~ sucrose, 3~o SDS, 5~ 2-mercaptoethanol, bromophenol blue) and subjected to PAGE as described by Laemmli (1970) , and subsequently electrophoretically transferred to nitrocellulose filters (BA 85, 0.45 gin; Schleicher & Schiill) . After transfer for 3 h at 25 V and 1 A the nitrocellulose sheet was incubated at room temperature in 100 ml of Cohen buffer [5 x Denhardt's solution, 0.1 ~ NP40, 1.5~ bovine serum albumin (BSA), 1 x borate buffer pH 8.2, 0-05~ gelatinel to saturate free protein-binding sites. The nitrocellulose sheets were incubated with 20 ml of a 1 : 50 dilution of a high titred anti-HDVpositive human serum for l h at 37 °C and stored overnight at 4 °C. After washing of the nitrocellulose sheets the bound antibody was detected by incubation with 125I-labelled Protein A (Amersham Buchler) for 2 h (5 gCi for each filter). After the final washing the nitrocellulose sheets were dried at 80°C and exposed to X-ray film (ultra film 3H; LKB).
HDV RNA extracted from the fractions after column chromatography was detected by nucleic acid spot hybridization with an HDV cDNA probe. A 650 bp cDNA transcript of HDV RNA (Chen et al., 1986) was cloned into the EcoRI site of pGem2 (Promega Biotec, Madison, Wis., U.S.A.). To prepare 32p-labelled RNA probes the plasmid pGem2 HD 650 was linearized at the polylinker with HincII, leaving the insert at the SP6 promoter. The labelling was carried out with 1 gg pGem2 plasmid DNA, 8 units SP6 RNA polymerase, 50 gCi [32p]UTP (3000 Ci/mmol; Amersham Buchler), 0.5 mN-ATP, -CTP, -GTP in 40 mM-Tris-HC1 pH 7.9, 10mm-NaC1, 10mM-dithiothreitol, 6mN-MgC12 for 1.5 h at 37 °C. For spot hybridization, nitrocellulose filters (pore size 0.2 p.m; Schleicher & Schfill) were equilibrated in 20 x SSC for about 2 h. Filters were placed on a sheet of Whatman 3MM paper, dried under a heat lamp and subsequently placed in a mini-fold apparatus (Schleicher & Schiill). The RNA samples (20 txl) were spotted into the wells and a vacuum was applied for 2 min. The filter was dried under a heat lamp and baked for 2h at 80°C in vacuo. Filters were floated on 0.2~ BSA, 0.2~ polyvinylpyrrolidone (PVP), 0.2 ~ Ficoll, 0.4 ~. SDS until saturated, then submerged and rubbed softly for about 2 min. Subsequently, the filters were again baked for 30 min at 80 °C in vacuo. Filters were sealed in plastic bags. Hybridization of each filter was carried out with 5 x 106 c.p.m, in 50~ formamide, 5 x SSC, 0"l~o BSA, 0-04~o Ficoll, 0-04~ PVP, 20 mN-Na2HPO4, pH 6.5. Fig. 1 shows the elution pattern of 2 ml acute phase serum through a column of 6~ agarose beads. There was a peak of HDAg and HBsAg in fractions 18 and 19 and a minor peak of HBsAg in fraction 24. Fractions 18 and 19 were positive for HDV RNA. Gel electrophoresis of fractions 18 and 19 and subsequent immunoblotting with anti-HDV-positive serum revealed two protein bands of HDV particles of 29K and 27K (Fig. 1) .
In order to characterize HDV-associated proteins in hepatocytes we extracted these proteins from human, chimpanzee and woodchuck liver by different methods. Assuming that HDV contains a core particle-like structure similar to HBV, we performed isopycnic centrifugation of chimpanzee liver homogenates in CsC1; 0.5 g liver was homogenized with 4 ml extraction buffer (10 mN-Tris-HC1 pH 7.4, 115 mN-NaC1, 1 mM-EDTA) in a loose-fitting Dounce apparatus. Cell debris was removed by centrifugation for 30 min at 10000 r.p.m, in a Sorvall centrifuge. The clarified homogenates were loaded on a discontinuous CsCI gradient (for details, see legend of Fig. 2 ). After centrifugation for 30 h at 40000 r.p.m., each fraction was tested for HBsAg, HDAg, HBV core antigen (HBcAg) and HDV RNA (Fig. 2) . There was a peak of HBcAg at 1.3 g/ml. Immunoblotting of fractions 10 to 12 and subsequent incubation with human antiHBcAg revealed a major band of 21K which corresponded to the size of HBcAg (Roggendorf et al., 1983 ) (data not shown).
HDAg was detected in fractions 13 to 22 by ELISA; however, no clear peak of HDAg activity could be demonstrated. These results indicate that there was no banding of a core-like structure of HDV at a certain density under these experimental conditions. HDV RNA was found separated from HDV proteins, giving a strong signal in fractions 1 to 5 at a density of 1.5 to 1.35 g/ml. A weaker signal of HDV RNA probably associated with HDV proteins was observed in fractions 15 and 16. HBsAg could be demonstrated in fractions 13 to 20.
The size of HDV-associated proteins in fractions of the CsC1 gradient was analysed by . Elution profile of HDV-associated particles from serum of acute phase of HDV infection after chromatography on agarose beads. Two ml of clarified serum from the acute phase of HDV infection (chimpanzee) was loaded on a column (100 cm length and 1.5 cm diameter, 6~ agarose beads). Elution was carried out at 20 ml/h at 4 °C with Tris EDTA buffer (10 mM-Tris pH 7.4, 1 mM-EDTA, 130 mMNaC1). Fractions of 3 ml were collected. HDAg was determined in fractions 12 to 27 by ELISA (11). HBsAg was determined by radioimmunoassay (©). The A28o of proteins was also monitored (A). Fractions 18 and 19 were precipitated with acetone and subjected to PAGE (20~ polyacrylamide) and immunoblotted with the human anti-HDV (dilution 1 : 50) as described in the text. The mol.wt, markers were the laC-labelled proteins lactoglobulin A (18K) and carbonic anhydrase (31K) (Amersham Buchler). The exposure time was 16 h. The presence of HDV RNA was tested by spot hybridization in fractions 12 to 24. Twenty ~tl of each fraction was digested with proteinase K, the HDV RNA was then extracted with phenol and chloroform, precipitated with ethanol, spotted onto a nitrocellulose filter and hybridized with HDV cDNA clone pGem2 HD 650 as described in the text. were precipitated with acetone and subjected to P A G E (Fig. 3) . Immunoblotting of the fractions with anti-HDV and 1251-labelled Protein A showed a variety of bands in fractions 12 to 20. However, only in fractions 13 to 16 were weak bands of 27K and 29K observed, but a strong signal of less than 14K was observed in fractions 14 to 20. Similarly sized proteins identified by immunoblotting with anti-HDV were observed when liver homogenates were extracted with 6 M-guanidine-HC1 (GuHC1) (Rizzetto et al., 1980a) , indicating a degradation of HDV-related proteins (data not shown). Obviously, the HDV particles were somehow disrupted by CsC1 centrifugation or by extraction with 6 M-GuHCI. To avoid degradation of HDV-associated proteins by high salt concentrations or proteolytic enzymes present in the homogenates, we disrupted 10 mg of liver directly in a small Dounce homogenizer containing 100~tl gel electrophoresis sample buffer, and incubated the homogenate for 10 min at 100 °C before removing the cell debris by centrifugation. The supernatant was subjected to P A G E . Fig. 4 shows the results of immunoblotting of human and chimpanzee liver, both positive for H D A g as determined by immunofluorescence after direct homogenization of liver material in the gel electrophoresis sample buffer. Two major proteins were observed at mol.wt. 29K and 27K. Additional, smaller proteins with much weaker signals were observed at 20K to 22K.
In a parallel experiment both materials, human and chimpanzee liver extracts, were incubated with human serum, negative for anti-HDV and positive for anti-HBc (titre 1 : 10000). As shown in Fig. 4 , there were two bands at 21K and 23K in human liver and one band at 21K in the chimpanzee liver. These two bands were identical in size to those observed after incubation with anti-HDV-positive sera (Fig. 4a) . In most of the immunoblots, the 27K protein was three to four times more intense than the 29K band. To test whether its concentration really was higher, we incubated different nitrocellulose strips of blotted HDVassociated proteins of chimpanzee liver with different human anti-HDV-positive sera (Fig. 5) . For all four antisera, a similar ratio of the larger to the smaller proteins was observed. Lane 5 contains a negative and lane 6 our standard positive control serum. From these results it can be concluded that the protein of 27K is more concentrated in HDV particles and liver homogenates or at least has a higher affinity for anti-HDV antibodies. A similar pattern of HDV-associated proteins, in a liver sample directly homogenized in electrophoresis sample buffer, was obtained from a woodchuck chronically carrying W H V and superinfected with H D V (Fig. 5, lane 7) . Our characterization of HDV-associated proteins of serum-derived H D V particles by immunoblotting after gel chromatography confirms previous findings (Bonino et al., 1986; Bergmann & Gerin, 1986) . The difference in size of the proteins may be due to the different gel systems used in these studies.
Isopycnic centrifugation of chimpanzee liver homogenates in CsC1 revealed that under our experimental conditions no banding of a core-like particle can be observed. The H D V R N A had either leaked from HDV particles or it was free in the cytoplasm or nuclei of hepatocytes. This free R N A banded at a high density (/> 1.5 g/ml). A leaking of H D V R N A from serum-derived HDV particles after storage for several hours at room temperature has been described . Small amounts of HDV RNA were still associated with HDV proteins, suggesting an affinity of HDV proteins for nucleic acid. Immunoblotting revealed that isopycnic centrifugation of HDV particles from liver homogenates in CsC1 or extraction with 6 M-GuHC1 seem to degrade HDV proteins to smaller fragments of 14K, indicating that HDV-associated proteins are very unstable. It has been shown in previous studies (Bonino et al., 1986 ) that storage of HDV particles at 4 °C for several days resulted in a significant loss of antigen activity. Direct homogenization of HDV-containing liver tissue in gel electrophoresis sample buffer resulted in two major bands of 29K and 27K. There was no difference in size in proteins derived from human, chimpanzee or woodchuck liver. Smaller bands of 20K to 22K were detected with sera containing only anti-HBc, indicating that these bands may be in part derived from HBcAg. As anti-HDV-positive sera always contain various amounts of anti-HBc, it is hard to decide whether some of these small proteins are HBcAg or contain additional HDV-related proteins. The smaller proteins of 16K observed by Bergmann & Gerin (1986) may be due to degradation by the extraction procedure. The proportion of the 29K to the 27K protein was always at least five times greater in human, chimpanzee and woodchuck liver. This result is not due to the antiserum, because several different antisera always showed the same ratio, but rather reflects the real ratio of these two proteins.
The recently published results on HDV cDNA cloning show different open reading frames (ORFs) for the genomic and antigenomic strand of HDV RNA. Several lines of evidence indicate that the 29K protein or the 27K protein or both are products of ORF 5. First, only ORF 5 of the three ORFs on the antigenomic strand has sufficient coding capacity. Second, the only polyadenylated mRNA of HDV RNA identified so far is derived from the ORF 5 region (Chert et al., 1986) . Third, in expression experiments with the two long antigenomic ORFs 5 and 6, only ORF 5 products were recognized by anti-HDV-positive human sera (Wang et al., 1986) . At present, it is not clear whether both proteins are derived from the same ORF. Assuming they are, the different size might be explained by post-translational processing as in the case of HBcAg which achieves HBeAg activity after proteolytic cleavage (Ohori et al., 1984 ). An alternative explanation would be that the smaller protein is initiated at an alternative initiation site. Actually, at nucleotide 1363 on the ORF 5 another AUG exists which would result in a smaller protein that contains only 64~ of the coding capacity of ORF 5 starting at the first methionine codon at 1597. Studies with antibodies to synthetic peptides derived from different segments of ORF 5 and study of replication in vitro are necessary to give a definitive answer on the number, size and post-translational changes of HDV-derived proteins.
